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@ Lubricating oil compositions tor refrigerators. 

@ A lubricating oil composition for a refrigerator using therein 1 ,1 .1 .2-tetrafiuoroethane as the refrigerant, 
comprising as the base oil a polyoxyalkylene glycol monoether of the following general formula 

whetSn^RHs an alky! group having 1-18 carbon atoms, m is an integer of 5-70. R2 Is an aikylene group having 
2-4 carbon atoms and a ratio of 0-0.8 between (the number of -OR2 - group wherein R2 is ethylene group)/m in 
the molecule, the polyoxyalkylene glycol monoether having a specified pour point and a specified kinematic 
viscosity. In one embodiment, the lubricating oil composition ma>r further comprise a specified phosphate and at 
■least one kind of a specified epoxy compound to further improve the oil composition in properties. 
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LUBRICATING OIL COMPOSITIONS FOR REFRIGERATORS 



Background of the Invention 



5 1 . Field of the Invention 

This invention relates to a lubricating oil composition for a refrigerator in which 1,1,1,2-tetrafluoroethane 
(HFC-134a) is used as the refrigerant. 

10 

2. Prior Art 

There have heretofore been used many kinds of refrigerators, among which so-called vapor compres- 
sion type refrigerators using a refrigerant therein are classified into reciprocating type, centrifugal type and 

75 rotary type refrigerators depending on the structure of compressor thereof. Of these various refrigerators, 
those having a rotary compressor are characterized in that they have high refrigeration performances for 
their small size, exhibit excellent performances even In the region of high-speed rotation and are run 
smoothly and quietly. Thus, the refrigerators having a rotary compressor are widely used in home 
refrigerators and air-conditioners as well as in car air-conditioners. 

20 The lubricating oil compositions for refrigerators (hereinafter sometimes referred to as "refrigerator oil 
composition(s)") used in said refrigerators and conditioners, generally Include naphthenic mineral oils, 
paraffinic mineral oils, alkylbenzenes, polyglycolic oils and mixtures thereof, which have each a kinematic 
viscosity of 5 - 200 cSt at 40 ' C as well as said oils incorporated with suitable additives. 

The refrigerants which are widely used for compression type refrigerators include halogen-containing 

25 refrigerants such as trichloromonofiuoromethane (CFC-11), dichlorodifluoromethane (CFCt12), monoch- 
lorodifluoromethane (HCFC-22) and trlchlorothfluoroethane {CFC-113): hydrocarbon refrigerants typified by 
propane; and inorganic gas refrigerants typified by ammonia, carbonic acid gas and the like. 

Of these refrigerants, the halogen-containing refrigerants are chemically stable, low poisonous and 
incombustible and have thermodynamlcally ideal characteristics: therefore, they are widely used in home 

JO refrigerators and air-conditioners as well as in car air-conditioners. 

Of these halogen-containing refrigerants, however, perhalogenocarbon which is in the form of 
chiorofluorocarbon obtained by substituting aii the hydrogen atoms of a hydrocarbon by halogen atoms, is 
difficultly decomposable and highly stable and will not decompose for a long period of time after discharged 
to the atmosphere, after which the chloro-fluorocarbon will reach an ozone layer located 25-30 Km above 

35 the earth and meet with the intense ultraviolet rays emitted from the sun thereby to liberate the chlorine 
atoms which then react with the ozone to reduce the ozone concentration in the ozone layer. The ozone 
layer absorbs the harmful ultraviolet rays emitted from the sun to protect the life on the surface of the earth. 
Thus, an international treaty which controls the production and consumption of CFCs and HCFC-22, has 
been proposed to be concluded in order to prevent the destruction of the ozone layer by CFCs and HCFC- 

40 22. 

Under such circumstances, the U.S. Environmental Protection Agency (EPA) has proposed six kinds of 
substitute refrigerants which are 1.1-dichloro-2,2,2- trifiuoroethane (HCFC-123), l-chloro- 1.2,2,2- 
tetrafluoroethane (HCFC-124), 1 .2-dichloro-2,2-difluoroethane (HCFC-132b), 1-chloro-2,2.2-trifluoroethane 
{HFC-133a), 1 ,1 ,1 ,2-tetrafluoroethane (HFC-134a) and 1,1-dichloro-1-fluoroethane (HFC-141b). 

45 Among these substitute refrigerants, 1,1,1.2-tetraflOoroethane Is similar In thermodynamic properties to 
dichlorodifluoromethane (CFC-12) which has heretofore been widely used in home refrigerators and air- 
conditioners as well as in car air-condltloners. If, therefore. 1,1,1.2-tetrafIuoroethane (HFC-134a) Is to be 
used as the refrigerant, then refrigerator systems using this refrigerant therein are supposed to be 
established without a great change in design to obtain the same refrigeration performances as conventional 

50 systems. 

It is to be noted, however, that a refrigerator oil composition filled in the compressor of a refrigerator is 
entrained into the condenser and evaporator thereof and, therefore, it is indispensable that the oil 
composition be a so-called "well-returnable" oil which Is fully soluble in the reflux refrigerant, circulated 
through the cycle and returned to the compressor. 

More specifically, it is not unusual that the temperature reaches -20 to -30*0 at the coolest portion 
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Summary of the Invention 
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„ "''r rr9,t.o''' oil eomp<,.«cn o, .h,s invntlon comprises as the base ol, po„ox,a,Ky..ne glycol 
monoethers represented by the following general formula 

!hi?«in'R^is an'^alkvl group having 1-18 carbon atoms, m is an integer of 5-70. is an alkylene group 

h^v n 2 ; ar^on SmTan'd a ra^o of (No. of -OR. group wherein R, i-thy.ene group)/m .n the 
.5 mlcule IS 0-0.8, the polyoxyalkylene glycol monoether having a pour po.nt of up to -10 C and a 

kinematic viscosity of 2-110 cSt at 100 C. 

Thi<! invantion will be explained in more detail hereunder. ., , , i „ 

The base Oils "or the refrigerator oil compositions of this invention are polyoxyalkylene glycol mon- 

oethers represented by the following general formula 

55 is preferred. 

Ra includes 
ethylene group ( - CHaCHa - ), 
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propylene group ( - CHCH2 - ) r 

trimethylene group ( - CH2CH2CH2 - ) , 
butylene group ( - CHCH2 - ) 

CHjCH^ 

1 ^ 2-diinethylethylene group ( - CH-CH - ), 

CH^ CH^ 

1 - methyltrimethylene group ( - CHCH2CH2 - )f 

CH^ 

2- methyltrimethylene group ( - CH„CHCH^ - ) or 




tetramethylene group ( - CHzCHzCHzCHg - ), 

among which ethylene, propylene, butylene or tetramethylene group Is more preferred. 

The polyoxyalkylene glycol monoether used In this Invention may contain In the molecule alkylene 
groups respectively having different numbers of carbon atoms or may contain a random copolymer or block 
copolymer prepared from oxyalkylene groups respectively having different numbers of carbon atoms, but it 
is necessary that a ratio (a) of (No. of - OR2 - group wherein R2 is ethylene group)/m in the molecule be in 
the range of 0 to 0.8 . In a case where the ratio (a) exceeds 0.8, a refrigerator oil composition containing 
such a polyoxyalkylene glycol monoether as the base oil undesirably becomes solid at normal temperature 
or disadveintageously has a heightened pour point. 

It is necessary that the polyoxyalkylene glycol monoether used herein have a pour point of up to 
-10' C. preferably -20 to -50* C. In a case where the pour point exceeds -10* C, a refrigerator oil 
composition comprising such a polyoxyalkylene glycol monoether is undesirably likely to solidify within the 
refrigerator system, 

It is also necessary that the polyoxyalkylene glycol monoether have a kinematic viscosity of 2-110 cSt 
at 100' C. In a case where the kinematic viscosity at 100 ' C is (ess than 2 cSt, a refrigerator oil composition 
comprising such a monoether will not be able to keep the sealabillty of the compressor when used, while in 
a case where the kinematic viscosity at 100*C exceeds 110 cSt, the refrigerator oil composition and 
1 ,1,1.2-tetrafluoroethane refrigerant are poor In mutual solubility whereby these two are undesirably 
separated into their respective layers at low temperatures. In a case where the refrigerator oil composition 
of this invention is intended to be used in freeze-refrigeration apparatuses, the polyoxyalkylene glycol 
monoether should have a kinematic viscosity of preferably 2 - (10 + 120a) cSt, more preferably 3 - 
(7 + 120a) cSt. at 100' C. In a case where the refrigerator oil composition of this invention is intended to be 
used in car air-conditioners, the polyoxyalkylene glycol monoether should have a kinematic viscosity of 
preferably 5 - (30 + 100a) cSt, more preferably 8 - (30 + 100a) cSt, at 100* C. 

Further, the polyoxyalkylene glycol monoether according to this invention has a number average 
molecular weight of preferably 300-4000, more preferably 500-3500, to Improve the compressor in 
sealabillty. Furthermore, the monoether has a number average molecular weight of still more preferably 
500-1500 to additionally attain a raise In temperature at which the two layers (oil composition and 
refrigerant) are separated from each other (this temperature being hereinafter referred to as "two-layer 
separation temperature") at a high temperature. 
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still further the polyoxyalkylene glycol monoether having a ratio (Mw/Mn) of 1.00 to 1.20 between the 
weight average molecular Light (M^) and the number average molecular weight (Mn) is preferable from 
the standDoint that said monoether has a raised two-layer separation temperature. , , u ■ 

Further, among compounds generally called polyglycolic oils, there are polyoxyalKylene glycols where,n 
both the terminal hydroxyl groups in the molecule are not etherified. and polyoxyalkylene glycol d ethers 
wherein boTthe term ina' hydroxy I groups in the molecule are etherified. in addition t^^f P°'y-valKylene 
glycol monoethers according to this invention. Of these, said polyoxyalkylene 3ly<=°^'^ fj^^J^^ ""V^^^^ 
compatible with a refrigerant, I.I.I.Z-tetrafluoroethane. and are practically not useful fo the purpose of this 
invention: whereas said polyoxyalkylene glycols are approximately equal to polyoxyalkylene glycol mon- 
oethers according to this invention in compatibility with a refrigerant l,l,l.2-tetraf luoroethane but they are 
inferior to the polyoxyalkylene glycol monoethers according to this invention in failure load obta-ned a he 
result in a FALEX test for evaluating load resistance which is important as one of the properties of the 
e rigerator oil composition of this imvention and are also inferior to said monoethers according to th s 
invention in viscosity index which indicates the temperature characteristics Of kinematic viscosity. Thus, said 
polyoxyalkylene glycols are not preferable for use as a refrigerator oil composition ^„,„„th«r 

The refrigerator oil composition of this invention comprising the polyoxyalkylene glycol monoether 
(which is the base oil) alone without any additives will exhibit excellent performances as such when used in 
refrigerators wherein 1 , 1 , 1 ,2-tetraf luoroethane is employed as the refrigerant, and. in order to furthe 
improve said oil composition in wear resistance and load resistance (failure-preventive property), it may 
preferably be incorporated with a phosphate represented by the general formula (A) 

Wherein Ra is an alkyl group having 1-3 carbon atoms, preferably methyl group, and n is an integer of 0-2. 
preferably 0-1. R3 is concretely illustrated by methyl, ethyl or propyl group. „H.«r,h»t« 

The phosphate which is the component (A), preferably includes triphenyl phosphate, tntolyl phosphate 
(tricresvi phosphate) or a mixture thereof. , ' 

In a case where the refrigerator oil composition is intended to be further improved in wear resistance 
and load resistance with the use of the component (A), the component (A) may be added to the oil 
composition in an amount of 0.1-5.0, preferably 0.2-2.0. parts by weight per 100 parts by weight of the base 
oil of the oil composition. If the amount of the component (A) added is less than 0.1 part by weight hen he 
oil composition so added will not be much improved in wear resistance and load resis ance. whi e (f the 
amount of the compound (A) added is more than 5.0 parts by weight then the oil composition will 
undesirably tend to degrade in heat stability and cause the corrosion of metals within the refrigeration 

^^^aT mentioned above, the specific amount of the component (A) added will improve the oil composition 
in wear resistance and load resistance, but it will sometimes be likely to cause the corrosion of metals such 
as copper and copper alloys if such metals are used in piping within the refrigeration system. 

Accordingly, in a case where the component (A) is added to the refrigerator oil composition, the thus 
added oil composition will preferably be enhanced in its overall performances by further incorporating it with 
at least one kind of an epoxy compound (B) selected from the group consisting of: 
(B) 

(i) phenylglycidyl ether type epoxy compounds 

(ii) epoxidized tatty acid monoesters and 
(ill) epoxidized vegetable oils. 

The said phenylglycidyl ether type epoxy compounds (i) Include phenylglycidyl ether and alkylphenyl- 
□lycidyl ethers. The said alkylphenylglycidyl ethers are those which have 1 to 3 alkyl groups having 1 to 13 
carbon atoms, among which are preferred those having an alkyl group having 4 to 10 carbon atoms such 
as butylphenylglycidyi ether, pentylphenylglycldyl ether, hexylphenylglycidyl ether, heptylphenylglycidyl 
ether octylphenylglycidyl ether, nonylphenylglycidyl ether and decylphenylglycidyl ether. ,0 » on 

The epoxidized fatty acid monoesters (ii) include esters of an epoxidized fatty acid having 12 to 20 
carbon atoms and an alcohol having 1 to 8 carbon atoms, phenol or an alkylphenol. In particular, butyl. 
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hQxyl, benzyl, cyclohexyi, methoxyethyf, octyl, phenyl or butylphenyl esters of epoxidized stearic acid nnay 
preferably be used. 

The epoxidized vegetable oils (iii) include epoxidized compounds of vegetable oils such as soybean oil, 
linseed oil and cottonseed oil. 

Among these epoxy compounds (I) to (iii). the preferable components (B) include phenyiglycidyl ether 
type epoxy compounds and epoxidized fatty acid monoesters with the former being more preferable. The 
most preferred are phenyiglycidyl ether, butylphenylglycidyt ether and mixtures thereof. 

In a case where the component (B), in addition to the component (A), is added to the refrigerator oil 
composition, the component (8) may be added thereto in an amount of 0.1-5.0, preferably 0.2-2.0 parts by 
weight per 100 parts by weight of the base oil of the oil composition. The addition of the component (B) in 
an amount of less than 0.1 part by weight will be poorly effective in enhancing the oil composition in metal 
corrosion prevention, while that in an amount of more than 5.0 parts by weight will undesirably have 
adverse effects on the wear resistance and load resistance of the oii composition. 

To further enhance the refrigerator oil composition of this invention in performances, the oil composition 
may be incorporated, as required, with heretofore known additives for a refrigerator oil, which include 
phenol-type antioxidants such as di-tert.-butyl-p-cresol; amine-type antioxidants such as phenyl-a-naph- 
thylamine and N,N'-di(2-naphthyl)-p-phenylenediamine; load resistant additives such as zinc 
dithiophosphate, chlorinated paraffin, fatty acids and sulfur type load resistant compounds; silicone-type 
antifoaming agents; metal inactivators such as benzotriazoie; and hydrogen chloride captors such as 
glycidyl methacrylate and phosphite esters. These additives may be used singly or jointly. 

The refrigerator oil composition of this invention for use in refrigerators using therein 1,1,1,2- 
tetrafluoroethane as the refrigerant, may preferably be used in refrigerators having a rotary compressor and 
may also be used in refrigerators having a reciprocating or centrifugal compressor. Especially, the oii 
composition of this invention may suitably be used in freeze-refrigeration apparatuses such as refrigerators, 
freezers, freeze and refrigeration warehouses, automatic vending machines, showcases, cooling units in 
chemical plants and dehumidifiers as well as in car air-conditioners. 

This invention will be better understood by the following Examples and Comparative Examples. 



Examples 1-17 and Comparative Examples 1-5 

The properties of the base oils used in the Examples and Comparative Examples are indicated in Table 

1, 

To measure the low-temperature separability of the refrigerator oil composition (consisting only of the 
base oii) of each of Examples 1-17 from a refrigerant, 1,1,1,2-tetrafluoroethane (refrigerant) was Incor- 
porated with each of 10, 20, 30, 40, 50 and 70 parts by weight of each of the refrigerator oil compositions of 
Examples 1-17 to obtain mixed liquids of the refrigeratant and oil composition, after which each of the thus 
obtained mixed liquids was then slowly cooled from room temperature down to a temperature at which the 
mixed liquid was made white-turbid or separated into two layers, this temperature being defined as a two- 
layer separation temperature on the low temperature side, in a case where the mixed liquids were already 
white-turbid or had already been separated into two layers at room temperature, they were slowly heated to 
a temperature at which the whlte-turbldity or the separation was not appreciated, this temperature being 
also defined as a two-layer separation temperature on the low temperature side. The results are indicated in 
Table 2. 

To measure the high-temperature separability of the refrigerator oil composition (consisting only of the 
base oil) of each of Examples 1-17 from a refrigerant, the same refrigerant as the above was incorporated 
with each of 3. 10 and 30 parts by weight of each of the refrigerator oil compositions of Examples 1-17 to 
obtain mixed liquids which were each slowly heated from room temperature up to a temperature at which 
the mixed liquid was made white-turbid or separated into two layers, this temperature being defined as a 
two-layer separation temperature on the high temperature side. In a case where the mixed liquids were 
already white-turbid or had already been separated into two layers at room temperature, they were slowly 
cooled to a temperature at which the whlte-turbldity or the separation was not appreciated, this temperature 
being also defined as a two-layer separation temperature on the high temperature side. The results are 
shown in Table 2. 

For comparison, the refrigerator oil composition (consisting only of the base oil which is not covered by 
this invention) of each of Comparative Examples 1-5 was measured for a two-layer separation temperature 
on the low temperature side in the same manner as in Examples 1-17. The results are also Indicated in 
Table 2. 
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Examples 18-27 and Comparative Example 6 

There were prepared various refrigerator oil compositions of Examples 18- 27 and Comparative 
Exampre rSec^^^ having the constituents indicated in Table 3, Examples 18-22 correspond to the 
foTowirIg clJim' Samples 2? and 24 correspond to the following claim 2, Examples 25-27 correspond to 
the following claim 3 and Comparative Example 6 is not covered by this invention. 

The refrigerator oil compositions so prepared were evaluated for their performances by the use of the 
following tests, and the results are also indicated in Table 3. 

(Falex test) 

The refrigerator oil compositions were each tested for faiiure 'o^^^^^l^J^^Jf °* 
oil temperature of 25' C, run-in 250 lb and 5 minutes in accordance with ASTM D 3233. 

(Sealed tube test) 

Mixtures of the refrigerator oil composition and a refrigerant (^J-^-^-'f «;''i°;°«;;^':«> i";,'^."^!^^,^ 
were sealed together with copper and iron catalysts, in a glass tube and heated to 175 C for 1000 hours to 
oZlTtc^^n of the refrigerator oil composition and the catalysts and determine the degree of 

'"Trl mTdiscoloration of the refrigerator oil composition. f 

Grades ranging from 0 (colorless) to 11 (black-brown color. Further, in the discoloration of meta catalysts 
?;e?e ts raiSed no problem If the discoloration is such that they lost their luster, but it is unacceptable ,f the 
iron catalyst was plated with the copper. 
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It is aooarent from the results ot two-layer separation terriperatures In Table 2 that the refrigerator oil 
coJ^oltrrermples are satlsfactori, 

Co^ptatrSr;^^;:^^ on, of comparative Example 4, 

se3teTfrom ^e efrlgeran even at a normal temperature to form two layers thereby rendenng them 

Seen Mw and 1 exh?bUed very satisfactory compatibility with said refrigerant even at a h,gh 

^^"^tt^parlm ™ Of evaluation tests for performances In Tabie 3 that t^«^Po'|;- 

nl^/col of Comoarative Example 6 Is inferior to the refrigerator oil compositions of Examples 18 27 ,n 
- ?lre Id wNcT s the result obtained from the Falex (est. Further, the refrigerator oil compos.t.ons of 
' plmoles l8^22 corresponding to the following claim 1 exhibited excellent performances ,n the Falex and 
lea^d tube tests a?d fhat the refrigerator oil compositions of Examples 23 and 24 correspond.ng to the 
Slowfng cVm 2 were remarkably enhanced in failure load by adding the component (A) o the o^ 
compSoTs and had better lubricity. Further, the refrigerator -<^-Pof , ° f.-^f^, in the 
0 corresDonding to the following claim 3, exhibited better results than those of Examples 23 and 24 ,n the 
Se^ed tube test while retaking excellent lubricity. In particular, the refrigerator o,l compositions of 
Ixa^plas 25^7 exhSit^ better results than those of Examples 18-22 in the Sealed tube test, this clearly 
indicating the effect of the component (B) on the stability of refrigerator oil compositions. 

5 

(Effect of the Invention) 

As mentioned above, the refrigerator oii compositions of this Invention ^'^^^^^^^"^ '"'J^^'l 
refrigerarors in which 1 .1 ,1 ,2-tetraf.uoroethane is used. as ^'-^^^^-^^^^'^^ ^'^''''^ 
m refriaerant at low temperatures and are excellent in lubricity, sealability and stability. 

?n particular hT refrigerator oil compositions in which is used, as the base oil. a polyalkylene glyco 
monoethe? ht m a spedfic range of number average molecular weight and a specific ratio of weigh 
rragrmoS weight to number average molecular weight, will not separate from the refrigerant at not 
only low temperatures but also high temperatures, ♦ „o^.,ciw ha ...ipri in refriaera- 

,5 Accordingly, the refrige'rator oil compositions of this invention may advantageously be used in refngera 
tors such as freeze-refrigeration apparatuses and car air-conditioners. 

Claims 

'° 1 A lubricating oil composition for a refrigerator in which 1,1,1,2-tetrafluoroethane is used as the 
refrigerant com^'ing as the base oil a polyoxyalkylene glycol monoether represented by the general 
formula 

« wherl^RHs a^n dkyi group having 1-18 carbon atoms, m is an integer of 5-70. Ra is an alkylene group 
having 2 4 iarbon atoms and a ratio "c" of 0-O.B between (the number of - OR.- group w ere»^ R. s 
X^ne groupym in the molecule, the polyoxyalkylene glycol monoether having a pour point of up to 
-10' C and a kinematic viscosity of 2-110 cSt at 100 C. 

2. A lubricating oil composition according to claim 1. further compnsing: 

60 (A) a phosphate represented by the general formula 



65 



( 




p = o 



Wherein R3 is an alkyi group having 1-3 carbon atoms and n Is an integer of 0-2. in an amount ot 0.1-5.0 
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parts by weight per 100 parts by weight of the base oil. 

3, A lubricating oil composition according to claim 1, further comprising: 
(A) a phosphate represented by the general formula 




wherein R3 is an alkyi group having 1-3 carbon atoms and n is an Integer of 0-2, in an amount of 0.1-5,0 
parts by weight per 100 parts by weight of the base oil and 

(B) at least one kind of an epoxy compound selected from the group consisting of 

(i) phenylglycidyl ether type epoxy compounds, 

(ii) epoxidlzed fatty acid monoesters and 

(iii) epoxidlzed vegetable oils, 

In an amount of 0.1-5.0 parts by weight per 100 parts by weight of the base oil. 

4. A lubricating oil composition according to claim 1, wherein the polyoxyalkyiene glycol monoether has 
a number average molecular weight of 500-1500 and a ratio (Mw/Mn) of 1.00-1.20 between the weight 
average molecular weight (f^w) and the number average molecular weight (Mn). 

5. A lubricating oil composition according to claim 2, wherein the polyoxyalkyiene glycol monoether has 
a number average molecular weight of 500-1500 and a ratio (Mw/Mn) of 1.00-1.20 between the weight 
average molecular weight (Mw) and the number average molecular weight (Mn), 

6. A lubricating oil composition according to claim 3, wherein the polyoxyalkyiene glycol monoether has 
a number average molecular weight of 500-1500 and a ratio (Mw/Mn) of 1.00-1.20 between the weight 
average molecular weight (Mw) and the number average molecular weight (Mn), 

7. A lubricating oil composition according to claim 1, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 

8. A lubricating oil composition according to claim 2, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 

9. A lubricating oil composition according to claim 3, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 

10. A lubricating oii composition according to claim 4, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 

1 1 . A lubricating oii composition according to claim 5, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 

12. A lubricating oil composition according to claim 6, wherein the refrigerator is a freeze-refrigeration 
apparatus or a car air-conditioner. 
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